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Avstract

. A sodium heat pipe cell containing high-volteage
discherge plates was constructed to study the band
sbsorption of light by the sodium diger and to de-
termine the feasibllity of creating a metesl vapor
laser. Spectrographic¢ meesurements indicated that
the increase in sodium dimer population with temper-
ature resulted in 90% light absorption at 970 K.
High-voltage discharges in the sodium vapor disso-
cilated the dimers and restored trensparency tz the
medium. No lasing action of the sodium vapor with
high-voltage discharges was observed either because
of insufficlent ionization or nonuniformity of the
ionization over the plate area.
'

K Introduction

To produce laser beams with various specific
vavelengihs, there has been a growing interest in
the possibility of using metal vapor atmospheres.
Such spplicetions require containment of high-
temperature vapors in horizontal tubes with windows
at each ernd and feed-throughs for a high-voltage
plate system to lonize the metal atoms. High satu-
ration temperatures of the vapor are required to
produce sufficient atom density for efficient laser
operation. As there are no satisfactory high-
temperature seals available, high-voltage feed-
throughs and windows must be kept in relatively cool
zones compared to the temperatures required in the
metal vapor zone. However, this introduces the
problem of vapor migration with condensation occur~
ring at the cooler regions, resulting in metal
coatings forming on the windows and insulators.

One method for blocking the vapor flow to the
cooler regions 1s to construct the cell as a gas-
controlled heat pipe with an inert buffer-gas zone
at each end to limit the axial vapor flow and mair-
tafn cool zones at the ends of the ccll (see Fig. 1)
The saturation temperature of the vapor can be es-
tablished by controlling the buffer gas pressure and
the location of the gas interface varied by asdjust-
ing the power input to the evaporator heater.
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Fig. 1 Metal vapor laser cell.

When the power is increased or decreased, the inter-
face will move axially to provide more or less con-
denser area as required to maintein the saturation
temperature. For proper laser operation, the inter-
face would have to be relatively vertical end stable
to prevent diffusion or scattering of the beam. 1In
horizontal cells this is difficult to achieve be-
cause of convection and gravity effects wvhich result
in sloping interfaces and unsteble conditions.

To study the operational characteristics of
this type of system, & heat pipe 7.62 em in dienm
and 91.4 cm long was constructed and tested with
both vater and mercury as the working fluids. It
contained no high-voltage plates or feed-throughs
and had 5 cm-diam flat windows in place of Brewster
windows. The main objectives of the tesis were to
determine the effect of heat pipe diameter, buffer-
gas density, and convection on the stability of the
interface. This syster was operated successfully
with a relatively verticel gas interface and the
windows remained clear over long periods of time.?

Sodium Vapvor Cell

A second system was constructed for operation
vith sodium vapor. This cell wes 10.2 em in dian
and 93.4 cm long with &n annuler sodium heat-pipe
oven at the center scction to provide for an iso-
thermal heat input to the cell es shown in Fig. 2.
Eech heat pipe had iils own gas-control system: for
separate control-gas pressure (see Fig. 3).

It has been reported that sodium vapor absorbs
particular wavelengths verying from red to violet
with increasing icmperature and eventually becomes
opaque to the visible spectrumn.” This occurs be-
cause of the prescnce of the sodiun molecule or
dimer which resulis in band absorption. As the
temperature is increased, the céimer population 1in--
creases resulting In more band sbsorption. Such
gbsorptiorn would be detrimental {o the transmission
of 8 laser beam ro Lhe experiment was divided into
two parts. The first part was to operate the cell
wvith no high-voltege plate systexz installed and run
a serles of tests over e temperature range vith
three different inert geses - argon, helium, anrd
neon. A white light from a tungsten-halide lemp
vas focused with a lens end directed through the
sodium vapor jn the cell to a recording spectrograph
60 that the absorption es e function of wavelength
could be determined. ‘Yhe second part of the experi-
ment was to install a high-voltaze plate system in
the ccll to determine if high-voltage discharges
dissocinte sodium diners ~u.ficiently to restcre
transparency Lo the mediv  and slso if the dis-~
charges would producc a sodjum laser bLeam.

Light Absorptlon Tests

The tests to determine the absorption of light
by sodlum vaper verifled that absorption increuses
vith temperaturce., Measurements of the intensity of
the lighl transmjtted were made by the spectrograph
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- Fig. 3 Gas-control system,

over a spectrum range of 3200 to 7700 A. Visual
obaservations aleo verified the change in absorption
vavelength by color changes in the cell from white
to yellowish-green, durk green, blue, and finul.y
violet at the highest operating temperature. The
results of the tests are summarized by the curves

46.7 cm

Fig. 2 Test cell for light absorption studies.

shown in Fig. 4. This figure also shows the approx-
imate wavelengths of the various color ranges. The
curves show Lhe change in intensity of & beam of
white light passing through a sodium atmosphere at
different hecal. pipe oven tewnperatures as recerded
by ‘the spectrograph with a heiium buffer gas in the
cell.

Curve 4 was obtained from a run made at room
temperature with three different gases - argon,
helium, and neon. The gas pressure was varied from
1 atm to vacuum with each gas but there was no
change in th: intensity of the light transmiassion
through the cell and the type of gas or pressure
had no effect. The normal black body curve for the
tungsten-halide lamp peeked at about 10,000 A, how-
ever, the curve obtained was cut off well below
this value because of the spectral response of the
photomultipijer and spectrometer.

Curve Ii was ob*ained for an averege heal pipe
oven tempereture of 700 K. Line absorption by the
sodium atom reduced the Intensity at $893 A to al-
most zero, Between 4700 and L4200 A molecular or
band ahsorption started to appear rs shown by the
irregular wave pattern and a large decrveaac in
intensity. There was also a reduction in the main
pcok of the curve, The light in the cell was a
yellovish-green color.

When tte heat pipe oven tenperature was in-
creased to 790 K (curvg C), complcte absorption
resulted dovn to 5800 A. There was trancmission
between 58C0 und 5200 A resulting in a darker green
Jight emergling from the cell with the main peak
intensity reduced by 50%. The band absorption
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- Fig. U Light absorption by sodium vapor.

between 5200 end 4700 A reduced the intensity to
zero. Belcw this wavelength transmission egain
occurred beyord the visible range.

Curve D was obtained with an oven temperature
of 870 K. Complete absorption occurred down to a
vavelength of 4500 A changing the color of the
emerging 1light to indigo. A series of runs was also
made at this temperature with neon as the buffer gas
and the pressure varled from one atmosphere down to
one-half an atmosphere but there was no change in
the spectrographic curves. This indicated that the
ebsorption of light was a function only of the
pressure and te.aperature of the sodium vapor end vwas
independent of the type or pressure of the buffer
gas.

When the oven temperature was increased to
970 K, compleie mbsorpticn occurred down to LL50 A
{(curve E). Trhgre vas some transmission between
L450 and 3700 A but the intensity was only 19% of
the original peak intensity and the emerging light
was a deep violet color.

At the end of the test serles, a scan was made
with both a vacuum and one aunosphere of helium in
the cell at room temperature. The original spectro-
graphie curve was duplicated, indicating that the
buffer gas at the ends of the pipec prevented any
sodium condensation on the windows.

Hiph Voltage Dischnrge Tests

Upon completion of the light absorption tesls,
the sodium wus dictilled out of the cell und the
wlck structure replaced. Before instalilng the

- high-voltage plate system, a snall cell was con-

structed to test the compatnbility of insulator
naterials with sodium liquid end vapor and to study
glow discharges in sodium vapor. This cell was

3.8 cn o.d. and had & T-counection at one end for
the introduction of & high~voltisge lead to a uperk-
gap and provide for a sapphirc window to observe
the effect of hi;h-voltege dischrrges on sodium
dimers. A superhcater vss placcd eround the spark-
gap area and saturation heaters covered the ends of
the two wick structures as shown in Fig. 5. Neon
buffer-gas zones were maintained and controlled
through tubes at each end of the cell connected to
a gas supply and & vacuum system. Both alumina and
boron nitride insuletors vere subjected to sodium
liquid and vapor at 873 K. These materials were
readily wetted by sodium, but there was no evidence
of attack or disintegration. After the cell was
vet Iin, a voltage test was made at room temperature
with a vacuum in the cell and the insulator system
vithstood 20 kV without a voltege breakdown. When
a white light was beamed into the cell at an opera-
ting temperature of 873 K, the reflected light
appeared dark green in color because of the molec-
uwlar or band absorption by the sodium vapor. How-
ever, vhen a high voltage was applied, & glow dis-
charge wvas obtained in the spark gap wvhich emitted
a characteristic yellow sodium D line. The obser-
vation of this wavelengilh indicated there was dis-
sociation of the dimers which decreased sbsorption
of light by the sodium vepor. This also demon-
strated that sodium ionizes reudily end that a glow
discharge could be obtained without a preionizer.
The only difficulty encountered in the operation of
this cell at temperature was that the high-voltage
lead acted as a cold finger resulting in the
formation of liquid drops on its surface in the
vapor zone. These drops would eventually become
large enough to cause arcing to the wetted insulator
surrounding the spark gap. From these tests it was
evident that the nigh-voltage lcad would have to be
superheated to prevenl any condensate from forming.

A high-voltage plaite system was then con-
structed and instzlled in the large cell as shown
in Fig. 6. The plates vcre 25 cm long by 2.5 em
wide and svpported in a boron nitride insulator with
a gap spacing of 1 cm. The high-voltage lead was a
1 cm diam tube inserted through a teflon-insulator
seal oounted in the end flange and insuiated wi*h an
alumina tube from the tcflon insulator to the plate
connection where it was covered vith a boron nitride
enclosure. A ccramic heater was designed which
could be inserted inside the tube to superheat the
erca where it connected Lo the high-viltage plate.

After the cell was loaded with 90 g of sodium
and the wick structuie wet in a series of tests was
made at various temperatures to determine if a
sodium laser beam could be obteined with high-
voltage discharges in & sodium atmosphere. An op-
tical resonant cavity using brond band mirrors was
set up so that if & sodium laser beam was emitted
from the cell it could be observed on an image
screen. The system was nligned by an external
laser bcam cthrough a heam-splitter and focused on
the image screen. {szec Fig. 7). This beam was
shut of when tests were made to determine If the
cell emitted a sodium laser. A helium-cadmium laser
wvay used for the alignment as it emitted a blue
1ight at 4h16 A which rould pass through the sodium
atmosphere without being ebsorbed. High-voltage
pulse dischurges produced a yellow glow discharge
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Fig. 6 Sodium heat pipe cell

-with currents up to 65 emp a:ross the plates, but
no sodium laser beam was emitted from the cell.
The inert-gas buffer zones at the end of the cell
kept the windowe clear of sodium condensate, how-
ever, the teflor. feed-through for the high-voltage
lead eventunlly broke down 1esulting in as short to
ground. During this test the discharge zone wus
kept superheated ut 873 K or smbove, to prevent any
condensute from forming on the plates, with sodiun

N e
et} b SAPPHIRE
/;\x*ii\\QL S ONS SRR 7 WINDOW
L]
be—— 7.6 cm —
19 em — —b

with high-voltage plate system.

saturation temperatures up to 793 K as determined
by the temperaturec at the ends of the wick struc-
tures. It was estimated that at the saturation
tempcrature the sodiwn atmosphere had a density of
5 x 10'% atoms/ce.
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Conclusions

Light Absorption Tests

From these tests it is epparent that the in-
crease in sodium dimer population, that occurs with
incremsing temperature and vapor pressure, eventu-
ally resultc in a high degrze of opacity to light
transmission by the sodiua vapor. The rate of
transmission decrease indicated that abcorption in
the visible region of the spectrum would be essen-
tially complete at a temperature slightly above
973 K.

High Voltege Discharpe Tests

The results of the tests with high-voltage glow
discharges in & sodium atmosphere indicated that the
discharges resulted in dissociation of the sodium
dimers enud restored transparency to the medium
allowing passage of light in the visible range of
the spectrum. MNo lesing action of the sodium was
observed which may have been due to insufficient
ionization or non-unifermity of the ionizetion over
the plate area. Another reason for fullure to ob-
tain a laser beam msy have been the fact that flau
windows were used instead of Brewster windows which
introduced an umplication loss of 8% per window.

The pro)=ct was terminated before any geln measure-
ments coiald be made to determine if there was eny
amplification of e laser beam passing through the
sodium atmosphere when subjJected to high-voltaege
discharges.

During all the tests, the wincows wvere kept
clear of condensate by the buffer gas zones and the
heat pip> wicking action maintainced a sodium itmos-
phere. If further investigation of metal vaopors is
done for laser application, it is belleved that a
heat pip2 cell is the only method available for
mointaining a high-temperature metal-vapor aimos-
phere while kecping windows and feed-throughs clear
of condensute in cooler zones.
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Fig. T Optiecal system for Lasing test.
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